
ABSTRACT
Background: The metabolic effects of diets high in vegetable
protein have not been assessed despite much recent interest in
the effect of soy proteins in reducing serum cholesterol.
Objective: We assessed the metabolic effects of diets high in
vegetable protein (specifically, wheat gluten) on serum lipids,
uric acid concentrations, and renal function.
Design: Twenty hyperlipidemic men and women consumed
isoenergetic test (high-protein) and control metabolic diets for
1 mo in a randomized crossover design. In the high-protein diet,
11% of the total dietary energy from starch in the control bread
was replaced by vegetable protein (wheat gluten), resulting in
27% of total energy from protein compared with 16% in the con-
trol diet. In other respects, the 2 diets were identical.
Results: Compared with the control, the high-protein diet
resulted in lower serum concentrations of triacylglycerol (by
19.2 ± 5.6%; P = 0.003), uric acid (by 12.7 ± 2.0%; P < 0.001),
and creatinine (by 2.5 ± 1.1%; P = 0.035) and higher serum
concentrations of urea (by 42.2 ± 5.8%; P < 0.001) and a higher
24-h urinary urea output (by 99.2 ± 17.2%; P < 0.001). No
significant differences were detected in total or HDL choles-
terol or in the renal clearance of creatinine. LDL oxidation,
assessed as the ratio of conjugated dienes to LDL cholesterol
in the LDL fraction, was lower with the high-protein diet
(by 10.6 ± 3.6%; P = 0.009).
Conclusions: High intakes of vegetable protein from gluten
may have beneficial effects on cardiovascular disease risk by
reducing oxidized LDL, serum triacylglycerol, and uric acid.
Further studies are required to assess the longer-term effects on
renal function. Am J Clin Nutr 2001;74:57–63.
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INTRODUCTION

High-protein diets, with protein intakes ranging from 25% to
38% of dietary energy, are promoted for weight loss (1). These
percentages of protein, however, are considerably higher than
the 10–20% advised by most government and health-related
agencies (2–7). Some investigators have expressed concern that

diets high in animal-protein foods and low in fiber may increase
cardiovascular disease risk (1), and that increased protein
intakes, by promoting renal hyperfiltration, may lead to renal
damage in susceptible individuals (8).

Much of the debate concerning protein has focused on the
issue of protein restriction in the preservation of renal function
in high-risk subjects, including persons with preexisting renal
disease and persons with diabetes (9–14). The concept of
restricting protein to slow the progression of chronic renal dis-
ease and reduce the symptoms of renal failure dates to Bright
(13) and Beale (15) in the mid-19th century. At present, there is
agreement that lower protein intakes, by reducing phosphates,
sodium, and acid metabolites, improve some of the complica-
tions of renal failure, including renal osteodystrophy, hyperten-
sion, electrolyte disturbances, and metabolic acidosis (12). How-
ever, opinion is divided over the extent to which protein
restriction can slow the progression of renal insufficiency and
the extent to which higher protein intakes cause damage (9, 11,
12). Much of the concern relates to the interpretation over the
past 5 y of the results of the Modification of Diet in Renal Dis-
ease (MDRD) Study (16). The MDRD Study was the most exten-
sive study devoted to the protein issue but was criticized for hav-
ing too short a duration (mean 2.2 y of follow-up) and for having
inadequate compliance (9, 11, 12). Nevertheless, the most recent
assessments of the MDRD data suggest a slower rate of reduction
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in the glomerular filtration rate and a prolongation of time to
dialysis with lower protein intakes (12, 17).

In several studies, investigators focused on replacing animal
proteins with vegetable proteins in the treatment of disease
states including hyperlipidemia, hepatic encephalopathy, and
renal disease (10, 13, 18–25). In most of these studies, soy was
used as the vegetable-protein source (13–21), and few studies in
humans have assessed the effects of other vegetable proteins.
We therefore examined the effect of increased intake of a com-
monly eaten vegetable protein (wheat gluten) to determine
whether the beneficial effects on serum lipids were similar to
those of soy and whether high intakes of vegetable protein com-
promise renal function.

SUBJECTS AND METHODS

Subjects

Twenty subjects (15 men and 5 women) aged (x– ± SE)
55.6 ± 1.9 y (range: 35–71 y) with a mean body mass index (BMI;
in kg/m2) of 26.0 ± 0.7 (range: 20.3–31.2) completed a crossover
study involving high-vegetable-protein and control metabolic
diets, each lasting 1 mo. This duration was selected because in
previous studies of soy and dietary fiber we saw maximum
decreases in serum lipids between 2 and 4 wk (26, 27). Ten sub-
jects started the control diet in the first phase of the study and

10 subjects started the high-protein diet first. All subjects had been
shown previously to have elevated LDL-cholesterol concentra-
tions (>4.1 mmol/L) (6) and had been instructed about a National
Cholesterol Education Program Step II diet (total fat <30% of
energy, saturated fat <7% of energy, and dietary cholesterol
<200 mg/d) ≥2 mo before starting the study. At the start of the
study, 4 subjects had both increased serum LDL-cholesterol and
increased serum triacylglycerol concentrations (>2.3 mmol/L),
8 had increased LDL cholesterol alone, 5 had increased triacyl-
glycerol alone, and 3 were normolipidemic. Subjects had no clin-
ical evidence of cardiovascular disease, diabetes, liver disease, or
renal disease. None were taking lipid-lowering medications, hor-
mone replacement therapy, or L-thyroxine. One subject was tak-
ing a �-blocking agent and 2 were taking angiotensin-converting
enzyme inhibitors. All medications were held constant through-
out the study periods. Subjects were also asked to maintain the
same level of physical activity throughout the study.

During the metabolic periods, the subjects were provided with
all food to be consumed; the food was prepackaged and was
delivered by a courier weekly. Also at weekly intervals, the sub-
jects came fasting to the Clinical Nutrition Center, where they
were weighed, had their blood pressure measured by the same
observer after being seated for 15 min, and had their dietary
compliance assessed on the basis of returned uneaten items and
menu plans (on which the subjects recorded the amount of all
items eaten). When necessary, diets were adjusted to avoid
changes in body weight. Fasting blood samples were collected at
baseline and at the end of weeks 2 and 4 of each metabolic
phase; also at the end of week 4, each subject collected his or her
24-h urinary output in a 4-L plastic container to which no preser-
vatives had been added.

The study was approved by the Ethics Committee of the
University of Toronto. Informed consent was obtained from
all subjects.

Diets

The diets in both phases were identical and consisted of the
same foods, apart from the bread, which constituted �18% of
the total energy intake of each subject. The macronutrient com-
position of the control bread as a percentage of energy was 1.3%
protein, 8.1% fat, and 90.7% available carbohydrate, with 1.55 g
fiber/MJ (6.5 g fiber/1000 kcal). The composition of the test (high-
protein) bread was 50.4% protein, 7.0% fat, and 42.6% available
carbohydrate, with 1.24 g fiber/MJ (5.2 g fiber/1000 kcal).
Because the breads represented the only difference between the
2 diets, they were also analyzed for calcium, magnesium,
sodium, and potassium contents. In the control diet, the bread
contributed 22 mg Ca/d, 13 mg Mg/d, 174 mg Na/d, and 83 mg
K/d. The test bread contributed 47 mg Ca/d, 48 mg Mg/d, 1434 mg
Na/d, and 117 mg K/d. Only for sodium was the bread mineral
contribution reflected in a significant increase in total dietary
intake. This difference was the result of the very low sodium
content of the control bread. The sodium content of the high-
protein bread was similar to that of breads made from regular
enriched wheat flour (28).

The macronutrient composition of the total control and high-
protein diets is given in Table 1. For the metabolic diets, energy
intake was assessed for weight maintenance by using standard
tables (29), with adjustment for each subject’s physical activity
and prestudy 7-d diet history. Diets were devised and dietary
intakes calculated by using a database in which most of the foods
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TABLE 1
Calculated macronutrient intakes with the control and high-protein
metabolic diets1

Control diet High-protein diet

Energy
(MJ/d) 11.86 ± 0.58 11.56 ± 0.77
(kcal/d) 2835 ± 139 2764 ± 183

Total protein
(g/d) 111 ± 6 189 ± 12
(% of energy) 15.6 ± 0.3 27.4 ± 0.3

Vegetable protein
(g/d) 59 ± 4 139 ± 10
(% of energy) 8.2 ± 0.3 20.1 ± 0.4

Available carbohydrate
(g/d) 415 ± 20 323 ± 22
(% of energy) 58.6 ± 0.5 46.7 ± 0.4

Total dietary fiber (g/d) 40 ± 2 38 ± 3
Total fat

(g/d) 80 ± 4 78 ± 5
(% of energy) 25.5 ± 0.5 25.6 ± 0.4

SFA
(g/d) 16 ± 1 15 ± 1
(% of energy) 4.9 ± 0.1 5.2 ± 0.1

MUFA
(g/d) 35 ± 2 33 ± 2
(% of energy) 11.2 ± 0.3 10.7 ± 0.3

PUFA
(g/d) 23 ± 1 24 ± 2
(% of energy) 7.2 ± 0.2 7.9 ± 0.2

Dietary cholesterol (mg/d) 38 ± 2 37 ± 3
Alcohol

(g/d) 0 ± 0 0 ± 0
(% of energy) 0.0 ± 0.0 0.1 ± 0.1

1 x– ± SEM; n = 20. SFA, saturated fatty acids; MUFA, monounsaturated
fatty acids; PUFA, polyunsaturated fatty acids.
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had been analyzed in the laboratory with use of Association of
Official Analytical Chemists methods for fat, protein (30), and
fiber (31), with available carbohydrate calculated by difference.
The fatty acid composition was determined by gas chromatogra-
phy (32). The food-composition tables of the US Department of
Agriculture (33) and food labels were used for foods that had not
been analyzed directly.

Analyses

Serum stored at �70 �C was analyzed in a single batch accord-
ing to the Lipid Research Clinics (34) protocol for total choles-
terol, triacylglycerols, and HDL cholesterol after dextran sulfate–
magnesium chloride precipitation (35). LDL cholesterol was
calculated (36) for all but one subject who previously had serum
triacylglycerol concentrations >4.0 mmol/L. In this subject, LDL
cholesterol was assessed after ultracentrifugation of fresh plasma
into fractions with densities >1.006 or <1.006 g/L (34). Non-
HDL cholesterol was also calculated (as total cholesterol minus
HDL cholesterol). The CVs for these analyses were as follows:
total cholesterol, 1.5% (range: 0.8–3.2%); HDL cholesterol, 3.2%
(range: 1.6–5.3%); and triacylglycerols, 3.0% (range: 1.9–5.0%)
(37). Oxidized LDL was also assessed as conjugated dienes in the
LDL fraction (38–40).

Serum and urine samples stored at �70 �C were also analyzed
for each subject in a single batch in the routine clinical chemistry
laboratory by standard methods for urea, creatinine (Kodak Ekta-
chem analyzers; Eastman Kodak, Rochester, NY), and uric acid
(41). Urine samples from the first 12 subjects enrolled were ana-
lyzed for urinary C-peptide by radioimmunoassay (42). Urinary
C-peptide was selected as a measure of 24-h insulin secretion
(43–46), recognizing that a significant effect may be seen only
with relatively large differences in insulin secretion (43).

Statistical analyses

The results are expressed as means ± SEMs. Treatment differ-
ences were assessed by analysis of covariance with the general
linear model procedure (PROC GLM/SAS) with end-of-treat-
ment value as the response variable and the following main
effects as covariates: diet, sex, treatment order (sequence), sex-
by-sequence interaction, a random term due to subject nested
within the sex-by-sequence interaction, and baseline value (47).
Paired two-tailed Student’s t tests were used to assess the signifi-
cance of the percentage difference between end values for the 2
treatments.

RESULTS

Compliance with both treatments was satisfactory. The sub-
jects consumed 96.4 ± 0.9% of the dietary energy provided for
the control diet and 93.4 ± 1.7% for the high-protein diet. There
were no significant differences in weight change between treat-
ments (Table 2). At the end of the metabolic study, mean body
weights were 75.9 ± 3.1 kg with the control diet and 75.9 ± 3.0 kg
with the high-protein diet. There was also no treatment differ-
ence in blood pressure.

Serum lipids

Serum total and LDL-cholesterol concentrations decreased
with both treatments: by 10.6 ± 2.3% (P < 0.001) and 17.2 ± 4.7%
(P = 0.002), respectively, with the control diet and by 11.1 ± 2.6%
(P < 0.001) and 10.9 ± 3.3% (P = 0.004), respectively, with the

high-protein diet. A direct comparison of the percentage differ-
ences between treatments showed that serum LDL cholesterol
tended to be higher after the high-protein diet than after the con-
trol diet (by 6.9 ± 3.7%; NS), whereas serum triacylglycerol was
19.2 ± 5.6% (P = 0.003) lower after the high-protein diet than after
the control diet (Table 2). A similar treatment difference in tria-
cylglycerol was seen by 2 wk with the high-protein diet
(17.1 ± 7.9%; P = 0.044). The significance of the LDL-cholesterol
and triacylglycerol differences was confirmed by using absolute
values in the general linear models procedure (P = 0.047 and
P = 0.006, respectively). LDL oxidation, as assessed by the ratio
of conjugated dienes in the LDL fraction, was lower after the high-
protein diet than after the control diet (by 10.6 ± 3.6%; P = 0.009).
In addition, the non-HDL-cholesterol concentration tended to be
lower after the high-protein diet (NS). No other significant treat-
ment differences were seen in blood lipids or lipoprotein ratios.

Serum urea, creatinine, and uric acid

As shown in Table 2, blood urea concentrations were
42.2 ± 5.8% higher after the high-protein diet than after the con-
trol diet, whereas serum uric acid and serum creatinine were
lower (by 12.7 ± 2.0% and 2.5 ± 1.1%, respectively). The signi-
ficance levels for these comparisons were confirmed for the
absolute concentrations by using the general linear models pro-
cedure (P < 0.001, P < 0.001, and P = 0.055, respectively).

Urinary measurements

Urine volumes were similar over 24 h for both treatments, as
were 24-h urinary creatinine and uric acid outputs (Table 2).
However, urinary urea excretion was higher by 99.2 ± 17.2%
(P < 0.001) after the high-protein diet. Apparent urea clearance
was also higher by 39.3 ± 12.3% (P = 0.005) . No significant dif-
ference was seen between treatments in creatinine clearance or
uric acid clearance. Twenty-four–hour urinary C-peptide excre-
tion was almost identical with each treatment.

DISCUSSION

A high-vegetable-protein diet resulted in significant reduc-
tions in serum concentrations of triacylglycerol and uric acid and
in the proportion of oxidized LDL cholesterol, effects that may
reduce cardiovascular disease risk, particularly in persons with
diabetes (48–56). Large increases were seen in serum urea,
although serum creatinine was reduced and there was no appar-
ent change in creatinine clearance. The unchanged creatinine
clearance suggests that the vegetable protein (gluten) had no
major adverse effects on renal function in the short term,
although the long-term effects are unknown.

Previous studies showed that substituting monounsaturated fat
for carbohydrate reduces serum triacylglycerol concentrations
(57–60). The present study is the first study we know of in hyper-
lipidemic subjects to find a similar reduction in serum triacylglyc-
erol with protein substitution. Previous reports on soy noted a
cholesterol-lowering effect and only in a meta-analysis was the tri-
acylglycerol effect significant (61). However, a study of soy in
patients with renal disease noted significant decreases in serum tri-
acylglycerol (13). The factors in soy responsible for the choles-
terol-lowering effect include the soy-protein-associated isoflavones
(62), the relatively high arginine content and low lysine and
methionine contents of the protein (19, 20), and the presence of a
7S globulin fraction (63). No such explanations exist for gluten,
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which is relatively low in arginine. Nevertheless, there are reports
that if dietary fatty acids and cholesterol are held constant in self-
selected diets, then high-protein diets from any source may result
in lower LDL-cholesterol concentrations (64, 65). In addition,
higher-protein diets were associated in large cohort studies with a
reduced risk of cardiovascular disease (66). The use of these diets
has also been justified from an evolutionary perspective (67).

There is increasing interest in serum triacylglycerol as a
possible risk factor for cardiovascular disease in susceptible
individuals, including those with diabetes, low HDL-cholesterol
concentrations, or elevated apolipoprotein B concentrations (68,
69). A recent meta-analysis of 17 prospective studies, in which
changes in HDL were controlled for, concluded that an 88-mg/dL
(1-mmol/L) difference in fasting triacylglycerol would result in
a 76% reduction in risk of cardiovascular disease (70). This esti-
mate would translate into a 55% decrease in the present study if
the argument that HDL can be controlled for is accepted.

The reduction in the proportion of oxidized LDL in the LDL
fraction is considered beneficial for cardiovascular disease
(54–56). In this respect, gluten appears to have effects similar to
those of soy protein, which was also shown to reduce oxidized
LDL (71, 72). Soy isoflavones have been implicated in the
antioxidant activity of soy, and wheat phenolics may have a sim-
ilar effect (71–73). It is also possible that carbohydrate in a

relatively rapidly digested form such as bread may increase
oxidative stress because hyperglycemic states are associated
with increased free radical generation (74). A reduction in bread
starch may therefore reduce free radical generation.

Elevated uric acid concentrations are also associated with car-
diovascular disease (48, 49) and the relation of hyperuricemia,
hypertriglyceridemia, and high intakes of refined carbohydrates
and simple sugars has been well recognized for several decades
(52). In susceptible individuals, sucrose feeding effectively raises
concentrations of both triacylglycerol and uric acid. Increased syn-
thesis was implicated for the elevated serum urate concentrations.
In addition, reduced uric acid clearance secondary to increased
serum lactate concentrations after sucrose feeding was proposed as
a further mechanism (75). In the present study there was no
increase in urate clearance to account for the lower serum uric acid
concentrations, nor did the urinary C-peptide excretion indicate a
major alteration in insulin secretion with the high-protein diet,
which may have changed the renal handling of uric acid (76).

Concerns have been expressed over high-protein diets. First,
some of the diets as advocated, by virtue of their higher contents
of saturated fat and cholesterol and lower content of fiber, may
increase lipid risk factors for cardiovascular disease (1). Second,
high protein intakes may increase urinary mineral losses (calcium)
and have a negative effect on renal function (8), particularly in

60 JENKINS ET AL

TABLE 2
Body weight, serum, urinary, and blood pressure data for the control and high-protein metabolic diet periods1

Control diet High-protein diet

Baseline End of treatment Baseline End of treatment Mean treatment
(week 0) (week 4) (week 0) (week 4) difference2 P3

%

Body weight (kg) 75.9 ± 3.1 75.9 ± 3.1 75.9 ± 3.1 75.9 ± 3.0 0.2 ± 0.5 0.615
Serum

Cholesterol (mmol/L)
Total 6.85 ± 0.29 6.06 ± 0.23 6.61 ± 0.19 5.85 ± 0.22 �2.3 ± 3.2 0.459
LDL 4.56 ± 0.22 3.64 ± 0.18 4.34 ± 0.18 3.86 ± 0.18 6.9 ± 3.7 0.078
HDL 1.09 ± 0.09 1.07 ± 0.10 1.14 ± 0.08 1.03 ± 0.08 �0.2 ± 4.1 0.967
Non-HDL 5.75 ± 0.31 4.99 ± 0.21 5.46 ± 0.19 4.82 ± 0.21 �2.2 ± 3.3 0.523

Triacylglycerols (mmol/L) 2.62 ± 0.40 2.79 ± 0.34 2.34 ± 0.30 2.07 ± 0.22 �19.2 ± 5.6 0.003
Oxidized LDL-C (�mol/L)4 64.1 ± 4.4 54.3 ± 3.6 57.8 ± 5.3 50.0 ± 3.4 �7.0 ± 4.2 0.112
Oxidized LDL-C:LDL-C 14.5 ± 1.2 14.1 ± 0.9 13.2 ± 1.2 12.4 ± 0.8 �10.6 ± 3.6 0.009
Uric acid (�mol/L)5 368 ± 19 338 ± 16 364 ± 17 298 ± 16 �12.7 ± 2.0 <0.001
Urea (mmol/L)5 6.15 ± 0.29 6.16 ± 0.31 5.78 ± 0.28 8.54 ± 0.47 42.2 ± 5.8 <0.001
Creatinine (�mol/L)5 85 ± 4 80 ± 3 82 ± 6 79 ± 3 �2.5 ± 1.1 0.035

Urine
Volume (L/d) — 2.37 ± 0.26 — 2.17 ± 0.18 3.0 ± 8.2 0.719
Uric acid (mmol/d) — 2.95 ± 0.27 — 2.58 ± 0.26 �4.3 ± 10.2 0.989
Urea (mmol/d) — 432 ± 28 — 801 ± 42 99.2 ± 17.2 <0.001
Creatinine (mmol/d) — 11.7 ± 0.8 — 12.1 ± 0.9 12.3 ± 14.5 0.187
C-peptide (mmol/d)6 — 3.3 ± 0.4 — 3.2 ± 0.5 �2.9 ± 7.6 0.709

Clearances (mL/min)5

Uric acid — 6.5 ± 0.8 — 6.4 ± 0.7 13.1 ± 13.6 0.349
Urea — 53 ± 5 — 67 ± 4 39.3 ± 12.3 0.005
Creatinine — 104 ± 8 — 110 ± 7 15.8 ± 14.9 0.302

Blood pressure (mm Hg)
Systolic 118 ± 4 118 ± 3 119 ± 3 117 ± 3 �0.1 ± 1.5 0.970
Diastolic 77 ± 2 77 ± 2 80 ± 2 76 ± 2 0.5 ± 3.0 0.874

1 x– ± SEM; n = 20. To convert cholesterol and triacylglycerols to mg/dL, multiply by 38.67 and 88.57, respectively.
2 Treatment difference (%) = [(high-protein � control) � 100/control].
3 Student’s t test (two-tailed).
4 Assessed by measuring conjugated dienes in the LDL-C fraction; n = 16.
5 n = 19.
6 n = 12.
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those with preexisting renal disease and those with diabetes who
might benefit from a reduction in refined carbohydrate intake.
Increasing the proportion of vegetable protein in the diet was
shown in at least one study to improve renal function in persons
with type 1 diabetes by reducing the glomerular filtration rate
and the fractional clearance of albumin (10), assuming that these
changes represent reduced glomerular hypertension and hyper-
filtration (8). In this respect, acute meal feeding studies showed
that soy has the least stimulatory effect postprandially on the
glomerular filtration rate compared with other protein sources,
including beef, chicken, and fish (77–79). No studies have
assessed the effect of gluten.

In the present study, the high-vegetable-protein diet raised
serum urea concentrations into the clinically abnormal range.
Apparent urea clearance also increased significantly but this
was likely because—unlike for serum creatinine—significant
postprandial rises occur in serum urea. With a creatinine-free
diet, the fasting serum creatinine concentration represents the
mean 24-h serum creatinine concentration, which, together with
the 24-h urine collection, is used to calculate clearance. This is
not so for urea, for which high protein intakes accentuate the
postprandial rises, preventing the fasting sample from repre-
senting the mean 24-h serum concentration. The difference in
urea clearance is therefore likely to be an artifact related to the
timing of the serum sample. More importantly, the renal clear-
ance of creatinine remained unchanged. Although creatinine
clearance is not as precise as are isotopic studies of the
glomerular filtration rate, it may go some way toward address-
ing the original concern that increased protein loads would
result in renal hyperfiltration and, in the long-term, renal dam-
age (8). Furthermore, there are no studies documenting delete-
rious effects of modestly elevated serum urea concentrations
outside the normal range in otherwise healthy subjects. The
present study addressed only the absence of a deleterious effect
of vegetable protein (gluten). Our findings may not apply to the
more essential-amino-acid-rich animal proteins, which promote
increased intrarenal pressure and also result in a higher renal
acid load. These events in the long term may be associated with
renal damage (8).

We conclude that a high intake of vegetable protein in the form
of added wheat gluten may have benefits similar to the ingestion
of monounsaturated fat in reducing serum triacylglycerol (56–59).
Possibly of greater significance, this dietary change was associ-
ated with a reduction in oxidized LDL. In addition, uric acid con-
centrations were reduced, an additional factor associated with
cardiovascular disease risk reduction. Despite the lack of effect
on creatinine clearance, the chronic effects of high protein intakes
on renal function require further assessment before the wide-
spread adoption of total protein intakes above the 15–20% of
energy currently recommended.
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